Winter predation by Common Kestrel
This article may be used for research, teaching and private study purposes. Any substantial or systematic reproduction, re-distribution, re-selling, loan, sub-licensing, systematic supply or distribution in any form to anyone is expressly forbidden.
The publisher does not give any warranty express or implied or make any representation that the contents will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or arising out of the use of this material.
p redation upoh bats has been recorded for several diurnal raptor species. Only the Bat Hawk Machaerhamphus alcinus, however, is truly specialized in bat hunting.' Additionally, the Bat Falcon Falco rufigularis, preys upon them regularly.' Bat hunting by kestrels has been recorded in Southern Europe, but all the records are casual observations. 3 _6 We observed several kestrels hunting bats in Southern Spain and were able to mark and radio-track one of them. Our aims were to estimate the importance of the bats in the kestrel's diet and to relate the kestrel's daily activity patterns to the emergence of the bats.
STUDY AREA AND METHODS
The study was carried out in and around the city of Moron de la Frontera (37°10'N, 5°31'W), Southern Spain, from January to March 1990. The city is surrounded by arable farmland and the climate is typically Mediterranean.
Both members of a pair of Common Kestrels Falco tinnunculus were caught with Bal-chatri traps,' the female on 24 January and the male a week later. Both were colour banded, and the male was also fitted with a tail-mounted radiotransmitter. The bulk of our observations correspond to the radiotracking of the male, although the banded female was seen many times also.
The male was tracked by two observers during dawn-to-dusk surveys (4 days) or from midday to dusk (9 days). One of the observers followed the bird while driving a car and the other stayed at a fixed point near the roosting site. The observer at the roost recorded luminosity (measured with a luxometer BIM 21) and the number of bats seen in 5 min periods (starting 30 min before sunset). All bats seen were counted, and all were Pipistrelles Pipistrellus pipistrellus. The time and light intensity when seeing the first flying bat of the day, and the kestrel's arrival at the roosting site were also recorded.
Observations were terminated each day at 0 luxes, when visual observations become unreliable. Data on weather conditions were from the nearby military airport at Moron. To evaluate the importance of the bats in the kestrel's diet, we collected its pellets and determined the prey items using reference collections deposited in the Donana Biological Station. We then counted presence or absence of every kind of item in each pellet. 
RESULTS AND DISCUSSION

Bat activity
The winter activity of bats is very low or nonexistant in temperate zones. 9 Their activity level is related to air temperature and wind speed, which influence in turn the insect availability. 10 During our study we observed Pipistrelle Bats flying at dusk every day, probably because of the mild weather. Minimum temperature was never less than 0.4°C; while average minimum temperatures were 5.0, 6.2 and 8.4°C for January, February and March 1990, respectively.
We detected variations in the number of bats seen and the luminosity levels when they left their roost (Table 1) . To examine the relationship between the bats' activity levels and weather variables we performed a principal component analysis on the data in Table 2 . This analysis showed that bats began to leave their roost earlier on days with higher atmospheric pressure and low values of wind speed, rainfall and the 3 temperatures considered. The number of active bats was higher on those days when the temperature was high.
Kestrel activity patterns and bat hunting
We show in Fig. 1 the location of the different perching-sites of the male kestrel during the radiotracking surveys. Ninety-eight per cent of all kestrel locations were within a 2 km 2 area. These observations are consistent with the average winter home range of the species. ' The kestrel was usually located in the bathunting area just before sunset, even in those days (at least 5) when it had been away previously. On 4 out of 15 days of observation it went directly to the roosting site, without attempting to hunt bats (Table 1) . On the other days, the kestrel left the perch to fly over the bat-hunting area when the first bat appeared. During the 4 days when the kestrel did not show any interest in the bats, they left their roosts significantly later in the day, and in smaller numbers than during the other days because of the poor weather.
We observed the kestrel catching bats on 4 days, and hunting them on 7 additional days when we were unable to verify bat captures. If our observation days were typical of the whole winter, the kestrel could have been trying to hunt bats on 70% of the days. We found bat remains in 32% of 19 pellets ( Table 3 ). Assuming that half of the pellets were dropped by its mate (the banded female was observed in the same perching sites but never hunting bats), and a single pellet dropped per day, the consumption of bats by the male would be twice this value, and consistent with 70% of days of bat hunting.
Hunting technique
The kestrel stalked the bats from perches located on the edge of the hunting area, or patrolled over it. When the bats appeared, the kestrel flew straight to them and then struck. If a bat was captured, the kestrel took it to the perch to eat it. After a few minutes, the kestrel returned to the hunting area. A similar behaviour has been described in Merlins Falco columbarius, 11 swallows entire bats in the air, maximizing the number of prey taken in the short period of time when they are available. l ''Z'" An intermediate behaviour would he that reported for the Hobby Falco subbuteo, which eats bats in the air but tearing them to pieces.' We were unable to estimate the hunting success of the kestrel. Nevertheless, we observed several unsuccessful strikes due to evasive manoeuvres performed by the bats. Black s " reported the same behaviour for the Big Brown Bat Eptesicus fuscus and the Mexican Free-tailed Bat Tadarida brasiliensis, escaping from American Kestrels Falco sparverius. On the other hand, we found a strong positive correlation between the number of luxes when the first bat went out and the number of bats taken by the kestrel (r = 0.926, P = 0.002, df = 6). This indicates that the kestrel hunting success would be more limited by the daily period of availability of bats than by its own hunting technique. If cannot be discounted either that kestrels are more successful in brighter conditions.
Rijnsdorp et al ts reported that the kestrels they studied showed a daily routine adapted to the activity patterns of voles. The methodical predation upon bats by the kestrel that we followed could be explained in the same way: it had learned the bats' habits and waited for them when they were most likely to appear. This behaviour is similar to that displayed by Peregrine Falcons' s Falco peregrinus and Merlins" stalking bats at the entrance of caves containing hundreds of thousands of bats. Moreover, the fact that our kestrel retired sooner to the roosting site those days when the bats were less active suggests a certain capacity to evaluate prey availability by the kestrel. This skill could be acquired through previous experience.
The reason the male kestrel but not its mate specialized on bat-eating, although they shared the same territory, could be related to reversed size dimorphism. hunting by a Common Kestrel where the sex was determined, also involved an adult male. 3 Bat hunting by kestrels could be widespread in those parts of Southern Spain were bats are active and abundant in winter.
